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(57) ABSTRACT

An electrolytic capacitor having a low impedance charac-
teristic, having a high withstand voltage characteristic of
100V class, wherein the electrolytic capacitor provides an
excellent high temperature life characteristic and an excel-
lent leakage characteristic.

The electrolyte solution containing the aluminum tetrafluo-
ride salt is used. The electrolytic capacitor of the present
invention has a low impedance characteristic, a high with-
stand voltage characteristic, and an excellent high tempera-
ture life characteristic. Moreover, the aforementioned elec-
trolyte solution is used, and a foil showing noble potential at
least in the electrolyte solution than the electrode potential
of the cathode tab, or a cathode electrode foil subjected to
chemical treatment is used as the cathode electrode foil, so
as to obtain an excellent leakage characteristic.

9 Claims, 2 Drawing Sheets
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1
ELECTROLYTIC CAPACITOR

FIELD OF THE INVENTION

The present invention relates to an electrolytic capacitor,
especially, the electrolytic capacitor having a low impedance
characteristic and a high withstand voltage characteristic.

BACKGROUND OF THE INVENTION

An electrolytic capacitor typically has such a structure
shown in FIG. 1. That is, an anode electrode foil 2 is made
of a band-shaped high purity aluminum foil where the
effective aluminum foil surface has been enlarged through
etching process chemically or electrochemically, and an
oxide film is formed on the surface, through a chemical
process of treating the aluminum foil with a chemical
solution such as ammonium borate aqueous solution and the
like. A cathode electrode foil 3 is also made of an etched
aluminum foil of high purity. Capacitor element 1 is formed
by the anode electrode foil 2 and the cathode electrode foil
3, wound together with intervening separator 11 made of
manila paper and the like. Next, the capacitor element 1,
after impregnating with electrolyte solution for driving the
electrolytic capacitors, is housed into a bottomed outer case
10 made of aluminum and the like. The outer case 10 is
equipped at the opening with a sealing member 12 made of
an elastic rubber, and is sealed by drawing.

The anode electrode foil 2 and the cathode electrode foil
3 are each connected to lead wires 4 and 5, employed as
electrode leading means to lead the electrodes, by means of
stitching, ultrasonic welding, and the like, as shown in FIG.
2. Each of the lead wires 4 and 5 employed as electrode
leading means is comprised of an electrode tab 9 made of
aluminum including a rod member 6, a connecting member
7 that comes into contact with each of the electrode foils 2
and 3, and an outside connecting member 8 made of
solderable metal which has been fixed at the tip of the rod
member 6.

Herewith, as electrolyte solution for driving the electro-
Iytic capacitor having high conductivity, and to be impreg-
nated to the capacitor element, wherein y-butyrolactone is
employed as the main solvent composed of quaternized
cyclic amidin compounds (imidazolinium cation and imida-
zolium cation) as the cationic component and acid conju-
gated bases as the anionic component are dissolved therein
as the solute (refer to Unexamined Published Japanese
Patent Application No. H08-321449 and No. H08-321441)

However, due to the remarkable development of digital
information devices in recent years, the high-speed driving
frequency of micro-processor which is a heart of these
electronic information devices is in progress. Accompanied
by the increase in the power consumption of electronic
components in the peripheral circuits, the ripple current is
increased abnormally, and there is a strong demand for the
electrolytic capacitors used in these circuits to have a low
impedance characteristic.

Moreover, in the field of vehicles, with the recent ten-
dency toward improved automobile functions, a low imped-
ance characteristic is in high demand. By the way, the
driving voltage of the vehicle circuit of 14V has been
progressed to 42V accompanied by the increase in the power
consumption. To comply with such a driving voltage, the
electrolytic capacitor requires the withstand voltage charac-
teristic of 28V and 84V and more. Furthermore, the elec-
trolytic capacitors must withstand high temperature in this
field, and a high temperature life characteristic is in demand.
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However, the electrolytic capacitor cannot cope with the
low impedance characteristic as such. Moreover, although
the withstand voltage of 28V is capable, the limit is 30V, and
it cannot respond to the requirement of the high withstand
voltage of 84V and more. Moreover, these electrolytic
capacitors suffer from a problem that the electrolyte solution
would leak between the sealing member 12 and the perfo-
ration hole of the lead wire 5 for leading the cathode
electrode. The electrolyte solution leakage invites the dete-
rioration electronically such as decline in electrostatic
capacity of the electrolytic capacitor resulting in the disad-
vantage of the short life of the electrolytic capacitors.

Henceforth, the present invention aims to provide an
electrolytic capacitor excellent in the leakage characteristic,
and having a low impedance characteristic and a high
withstand voltage characteristic of 100V class, and an excel-
lent high temperature life characteristic.

DISCLOSURE OF INVENTION

According to a first electrolytic capacitor comprising a
capacitor element that includes an anode electrode foil and
a cathode electrode foil connected respectively to an anode
tab and a cathode tab, wound together with intervening
separator is impregnated with electrolyte solution, an alu-
minum cylindrical outer case with a bottom for housing the
capacitor element, and a sealing member for scaling an open
end of the outer case, wherein the electrolyte solution in use
contains an aluminum tetrafluoride salt, and wherein the
cathode electrode foil uses a foil that shows noble electrode
potential at least in the electrolyte solution than an electrode
potential of the cathode tab.

As the cathode electrode foil, a foil showing noble poten-
tial than the electrode potential of the cathode tab in the
electrolyte solution is provided with coating 0f 0.02~0.1 um
made of metal nitride selected from the group consisting of
titanium nitride, zirconium nitride, tantalum nitride and
niobium nitride or a metal selected from the group consist-
ing of titanium, zirconium, tantalum and niobium formed on
a surface of the aluminum foil.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an inner cross-sectional view showing a struc-
ture of electrolytic capacitor; and

FIG. 2 is a decompositional oblique view showing a
structure of electrolytic capacitor.

BEST MODE TO CARRYING OUT THE
INVENTION

Aluminum electrolytic capacitor has such a structure
same as the conventional structure, as shown in FIGS. 1 and
2. Capacitor element 1 is formed by an anode electrode foil
2 and a cathode electrode foil 3, wound together with
intervening separator 11. Moreover, as shown in FIG. 2, lead
wires 4 and 5, employed as the electrode leading means, are
connected to the anode electrode foil 2 and the cathode
electrode foil 3, respectively The lead wires 4 and 5 are
comprised of connecting members 7 that come into contact
with both electrode foils; an electrode tab 9 composed of a
rod member 6 which is connected to the connecting member
7; and an outer connecting member 8 weld to the rod
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member 6. Further, each foil and lead wire is mechanically
connected by means of stitching, ultrasonic welding, and the
like.

The anode electrode foil 2 used is one obtained in such a
manner that an aluminum foil of a purity of 99% is subjected
to chemical or electrochemical etching in an acidic solution
to enhance the surface area thereof and then subjected to
chemical treatment in an ammonium borate or ammonium
adipate aqueous solution, so as to form an anode oxide film
layer on the surface thereof.

The capacitor element 1 impregnating with the electrolyte
solution is housed in an aluminum cylindrical outer case 10
with a bottom, and a sealing member 12, having a perfora-
tion hole for guiding the lead wires 4 and 5, is inserted into
an open end of the outer case 10, and further, the open end
of the outer case 10 is sealed by drawing to seal the
aluminum electrolytic capacitor.

Then, in the present invention, the cathode electrode foil
3 used is an aluminum foil of a purity of 99% having been
subjected to etching in the likewise manner as the anode
electrode foil 2. Further, the cathode electrode foil 3 is
provided with coating of 0.02~0.1 um made of a metal
nitride selected from the group consisting of titanium
nitride, zirconium nitride, tantalum nitride and niobium
nitride or a metal selected from the group consisting of
titanium, zirconium, tantalum and niobium formed on the
whole surface or a part of the cathode electrode foil 3.
Further, as cathode tab, the aluminum of 99% purity is
preferably used.

The electrolyte solution of the electrolytic capacitor used
in the present invention contains an aluminum tetrafluoride
salt.

As the aluminum tetrafluoride salt constituting the alu-
minum tetrafluoride as anion component, examples of this
salt include an ammonium salt, an amine salt, a quaternary
ammonium salt, or a quaternary cyclic amidinium ion as
cation component, can be used. Examples of an amine
constituting the amine salt include a primary amine (such as
methylamine, ethylamine, propylamine, butylamine, ethyl-
enediamine, monoethanolamine, and the like); secondary
amine (such as dimethylamine, diethylamine, dipropy-
lamine, ethy-methylamine, diphenylamine, diethanolamine
and the like); and tertiary amine (such as trimethylamine,
triethylamine, tributylanmine, triethanolanmine, and the
like). Examples of a quaternary ammonium constituting the
quaternary ammonium salt include a tetraalkylammonium
(such as tetramethylammonium, tetraethylammonium, tet-
rapropylammonium, tetrabutylammonium, methyltriethy-
lammonium, di-methyldiethylammonium and the like) and a
pyridinium (such as 1-methylpyridinium, 1-ethylpyri-
dinium, 1,3-diethylpyridinium and the like).

Furthermore, as for salt containing the quaternized cyclic
amidinium ion as a cationic component, the quaternized
cyclic amidinium ion is a cation formed by quaternized a
cyclic compound having an N,N,N'-substituted amidine
group, and the following compounds are exemplified as the
cyclic compound having an N,N,N'-substituted amidine
group. They are an imidazole monocyclic compound (for
example, an imidazole homologue, such as 1-methylimida-
zole, 1-phenylimidazole, 1,2-dimethyl-imidazole, 1-ethyl-2-
methylimidazole, 2-ethyl-1-methylimidazole, 1,2-dieth-
ylimidazole, 1,2,4-trimethylimidazole and the like, an
oxyalkyl derivative, such as 1-methyl-2-oxymethylimida-
zole, 1-methyl-2-oxyethyl-imidazole, and the like, a nitro
derivative such as 1-methyl-4(5)-nitroimidazole, and the
like, and an amino derivative such as 1,2-dimethyl-5(4)-
aminoimidazole, and the like), a benzoimidazole compound
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(such as 1-methylbenzoimidazole, 1-methyl-2-benzylben-
zoimidazole, 1-methyl-5(6)-nitrobenzo-imidazole and the
like), a compound having a 2-imidazoline ring (such as
1-methylimidazoline, 1,2-dimethylimidazoline, 1,2,4-trim-
ethylimidazoline, 1-methyl-2-phenylimidazoline, 1-ethyl-2-
methylimidazoline, 1,4-dimethyl-2-ethyl-imidazoline,
1-methyl-2-ethoxymethylimidazolinc, and the like), a com-
pound having a tetrahydropyrimidine ring (such as 1-me-
thyl-1,4,5,6-tetrahydropyrimidine, 1,2-dimethyl-1,4,5,6-tet-
rahydropyrimidine, 1,8-diazabicyclo[5,4,0lundecen-7,1,5-
diazabicyclo[4,3,0]-nonene-5, and the like), and the like.

The solvent in use for electrolyte solution according to the
present invention comprises a polar protic solvent, a polar
aprotic solvent, and their mixture thereof. Examples of the
polar protic solvent include monohydric alcohols (such as
ethanol, propanol, butanol, pentanol, hexanol, cyclo-bu-
tanol, cyclo-pentanol, cyclo-hexanol, benzyl alcohol, and
the like); and polyhydric alcohol and oxy alcohol com-
pounds (such as ethylene glycol, propylene glycol, glycer-
ine, methyl cellosolve, ethyle cellosolve, methoxy propylene
glycol, dimethoxy propanol, and the like), Moreover, rep-
resentatives examples of the aprotic polar solvent include
amide series (such as N-methylformamide, N,N-dimethyl-
formamide, N-ethylformamide, N,N-diethylformamide,
N-methyl acetamide, N,N-dimethyl acetamide, N-ethyl
acetamide, N,N-diethyl acetamide, hexamethylphosphoric
amide, and the like); lactone compounds (such as y-butyro-
lactone, d-valerolactone, y-valerolactone, and the like); sul-
folane series (such as sulfolane, 3-methyl sulfolane, 2,4-
dimethyl sulfolane, and the like); cyclic amide compounds
(such as N-methyl-2-pyrrolidone, and the like); carbonate
compounds (such as ethylene carbonate, propylene carbon-
ate, isobutylene carbonate, and the like); nitrile compound
(such as acetonitrile, and the like); sulfoxide compound
(such as dimethyl sulfoxide, and the like); 2-imidazolidi-
none solvents [for example, 1,3-dialkyl-2-imidazoridinone
(such as 1,3-dimethyl-2-imidazoridinone, 1,3-diethyl-2-imi-
dazoridinone, 1,3-di(n-propyl)-2-imidazonidinone, and the
like); and 1,3,4-trialkyl-2-imidazoridinone (such as 1,3,4-
trimethyl-2-imidazoridinone, and the like)], and the like.
Among them, y-butyrolactone is preferably used because the
impedance characteristic improves. Sulfolane, 3-methyl sul-
folane, and 2,4-dimethyl sulfolane are preferably used
because the high temperature characteristic improves. Eth-
ylene glycol is preferably used because the withstand volt-
age characteristic improves.

Herewith, in the electrolyte solution containing quater-
nized cyclic amidinium salts as the solute, and employing
y-butyrolactoneas the solvent, although the electrolytic
capacitors suffer from a problem of electrolyte solution
leakage from between the sealing member 12 and the rod
member 6 of the lead wire during the life test. In contrast
thereto, no liquid leakage is observed in the electrolytic
capacitor of the present invention. Namely, in a normal
electrolytic capacitor, the spontaneous immersion potential
of the cathode lead wire 5 is noble as compared with the
spontaneous immersion potential of the cathode electrode
foil 3. When a direct current is loaded, therefore, more
cathode current passes through the cathode lead wire than
through the cathode electrode foil. Moreover, when left
standing unloaded, a local cell is formed by the cathode lead
wire and the cathode electrode foil and thus a cathode
current passes through the cathode lead wire. That is to say,
a cathode current passes through the cathode lead wire both
in the loaded and unloaded states. As a result, hydroxyl ion
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is formed at electrolyte solution interface between the rod
member 6 and the connecting member 7 of the cathode lead
wire.

Then, the hydroxyl ion thus formed reacts with a quater-
nized cyclic amidinium. The quaternized cyclic amidinium
undergoes ring-opening to give a secondary amine. When
hydroxyl ion is formed, however, y-butyrolactone employed
as the solvent also reacts with hydroxyl ion to give y-hy-
droxybutyric acid, and the pH is lowered. Due to a decline
in the pH value, the secondary amine formed by the ring-
opening of the quaternized cyclic amidinium undergoes
ring-closure to give the quaternized cyclic amidinium salt
again. Since the quaternized cyclic amidinium salt thus
formed is not volatile but highly hygroscopic, there arises
liquid leakage due to the hygroscopicity of the quaternized
cyclic amidinium salt regenerated between the rod member
and the sealing member of cathode lead wire.

However, in the present invention, as a cathode electrode
foil, a foil that shows noble electrode potential at least in the
electrolyte solution than the electrode potential of cathode
tab is used, and as a solute the aluminum tetrafluoride salt of
the quaternized cyclic amidinium compound is used. For
this reason, the cathode current flows to the cathode elec-
trode foil. Most of the hydroxyl ions are generated in the
cathode electrode foil. Further, when aluminum of high
purity is used in the cathode tab, a difference in the potentials
of the cathode electrode foil and the cathode tab gets large,
and the hydroxyl ion generation at the cathode tab gets less.
Furthremore, the aluminum tetrafluoride salt of the quater-
nized cyclic amidinium compound seems to show a less
reactivity with the hydroxyl ion. These synergistic effects
prevent the leakage. The leakage is similarly prevented in
the unloaded state.

According to an electrolytic capacitor of the present
invention described above has a low impedance character-
istic and a high withstand voltage characteristic of 100V
class, wherein the electrolytic capacitor provides an excel-
lent high temperature life characteristic and an excellent
leakage characteristic.

Subsequently, the second electrolytic capacitor of the
present invention will be explained. The electrolytic capaci-
tor of the present invention is characterized in that an anode
electrode foil, having anode leading means, and a cathode
electrode foil, having cathode leading means made of alu-
minum of purity 99.9% and more subjected to chemical
treatment, which are wound together with intervening sepa-
rator to form a capacitor element. This capacitor element
impregnates electrolyte solution containing the aluminum
tetrafluoride salt, and is housed into the outer case.

Aluminum electrolytic capacitor has the same structure as
the first electrolytic capacitor, however, in the present inven-
tion, the cathode electrode foil 3 is comprised of an electrode
foil as cathode leading means made of aluminum of 99.9%
purity, which is subjected to chemical treatment. The elec-
trode aluminum foil of the present invention can be obtained
by having been subjected to etching and then subjected to
chemical treatment at 0.05 to 5V, more preferably at 0.5 to
3V. Furthermore, at least to the surfaces of the rod members
6 of the lead wires 4 and 5, aluminum oxide layers are
formed by anode oxidation of ammonium borate aqueous
solution, ammonium phosphate aqueous solution, or ammo-
nium adipate aqueous solution and the like.

Herewith, a behavior of the electrolyte solution leakage is
similar to the first electrolytic capacitor, however, in the
present invention, an electrode foil made of aluminum of
99.9% purity subjected to chemical treatment is used as the
cathode electrode foil, and the aluminum tetrafluoride salt of
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the quaternary cyclic amidinium compound is used as sol-
ute. For these reasons, the spontaneous immersion potential
of the cathode electrode foil is noble as compared with the
spontaneous immersion potential of the cathode leading
means, therefore, a cathode current passes through the
cathode electrode foil. Thus, hydroxyl ions are generated at
the cathode electrode foil. Furthermore, at least to the
surfaces of the rod members 6 of the lead wires 4 and 5,
when aluminum oxide layer is formed by anode oxidation,
the current passing through the cathode leading means is
controlled, and the generation of hydroxyl ion near the
cathode leading means is reduced. Then, the reactivity of
aluminum tetrafluoride salt of the quaternary cyclic ami-
dinium compound with the hydroxyl ion is seemingly less.
Thus, these synergistic effects prevent the liquid leakage.
The leakage is similarly prevented in the unloaded state.

According to an electrolytic capacitor of the present
invention, having a low impedance characteristic, and a high
withstand voltage characteristic of 100V class, wherein the
electrolytic capacitor provides an excellent high temperature
life characteristic and an excellent leakage characteristic.

Subsequently, the third electrolytic capacitor of the
present invention will be described. According to the elec-
trolytic capacitor of the present invention comprises the
capacitor element fabricated by winding an anode electrode
foil and a cathode electrode foil via a separator is impreg-
nated with the electrolyte solution, an outer case for housing
the capacity element, and wherein the electrolyte solution in
use contains an aluminum tetrafluoride salt, and electrode
foils subjected to a phosphate treatment are used as the
cathode electrode foil and the anode electrode foil.

Structure of this electrolytic capacitor is similar to the first
electrolytic capacitor. The electrode foil subjected to phos-
phate treatment is used as the electrode foils. The present
invention is still effective by using the electrode foil sub-
jected to phosphate treatment as one of the cathode electrode
foil and the anode electrode foil. Deterioration of both foils
is prevented if this is applied to both foils so normally both
foils are subjected to phosphate treatment. Normally, the
aluminum foil of high purity is subjected to chemical or
electrochemical etching to obtain the etching foil, however,
as the electrode foil of the present invention, the etching foil
obtained by performing the phosphate aqueous solution
impregnation process before, during, or after the etching
process is used as the cathode electrode foil. Further, as the
anode electrode foil, the etching foil, the etching foil
untreated with phosphate is subjected to phosphate synthe-
sis, or the electrode foil that performed the phosphate
impregnation process before, during, or after the chemical
treatment is used.

Furthermore, the effect of the present invention improves
by adding the phosphorous compounds to the electrolyte
solution of the electrolytic capacitor described above.
Examples of phosphorus compounds and salts thereof
include orthophosphoric acid, phosphonous acid, hypophos-
phorus acid and their salts. As the salts of the phosphorus
compounds, an ammonium salt, an aluminum salt, a sodium
salt, a calcium salt, and a potassium salt can be used.
Moreover, examples of phosphorous compound include
ethyl phosphate, diethyl phosphate, butyl phosphate, dibutyl
phosphate and the like; and phosphonate such as 1-hydroxy-
ethylidene-1,1-diphosphonic acid, aminotrimethylene phos-
phonic acid, phenyl phosphonic acid, and the like. More-
over, examples of phosphinate include methyl phosphinate,
butyl phosphinate, and the like.

Furthermore, examples of condensed phosphates include
straight-chain condensed phosphates such as pyrophospho-
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ric acid, tripolyphosphoric acid, tetrapolyphosphoric acid,
and the like; cyclic condensed phosphates such as meta-
phosphate, hexametaphosphate, and the like, or the combi-
nation of the chain condensed phosphate and cyclic con-
densed phosphate. Further, as salts of these condensates, an
ammonium salt, an aluminum salt, a sodium salt, a calcium
salt, a potassium salt, and the like can be used,

The addition amount is ranging from 0.05 to 3% by
weight, and preferably is ranging from 0.1 to 2% by weight.

The electrolytic capacitor of the present invention
described above has a low impedance characteristic and a
high withstand voltage of 100V class, and an excellent high
temperature life characteristic. In other words, in case of
performing the high temperature life test by using the
aluminum tetrafluoride salt, the reactivity of the electrolyte
solution with the electrode foil gets large due to the moisture
inside the electrolyte solution, and the characteristics are
affected. However, since the electrolytic capacitor of the
present invention utilizes the electrode foil subjected to
phosphate treatment, the reaction of the electrode foil with
the electrolyte solution is controlled, whereby the high
temperature life characteristic is stabilized.

Furthermore, as for first to third electrolytic capacitor of
the present invention, a partial cross-lining peroxide butyl
rubber that added peroxide as cross-lining agent to a butyl
rubber polymer comprised of isobutylene, isoprene, and
divinylbenzene copolymer is used as the sealing member.
Examples of vulcanizing agents used in the vulcanization of
peroxides include ketone peroxides, peroxy ketals, hydro-
peroxides, dialkyl peroxides, diacyl peroxides, peroxy dicar-
bonates, peroxy esters, and the like. Specific examples are
1,1-bis-t-butylperoxy-3,3,5-trimethylcyclohexane, n-butyl-
4.4-bis-t-butylperoxy-valerate, dicumyl peroxide, t-butyl-
peroxy-benzoate, di-t-butyl-peroxide, benzoyl peroxide,
1,3-bis (t-butyl peroxy-isopropyl) benzene, 2,5-dimethyl-2,
5-di-t-butylperoxyl-hexene-3, t-butyl peroxy cumene, o,
a'bis (t-butylperoxy) diisopropylbenzene, and the like.

According to the electrolytic capacitor of the present
invention, a partial cross-linking peroxide butyl rubber that
added peroxide as cross-linking agent to a butyl rubber
polymer comprised of isobutylene, isoprene, and divinyl-
benzene copolymer is used as the sealing member. The
electrolyte solution containing the aluminum tetrafluoride
salt is used. The electrolytic capacitor of the present inven-
tion has a low impedance characteristic, and a high with-
stand voltage characteristic of 100V class. The high tem-
perature life characteristic is improved further by the
excellent high temperature characteristics of the electrolyte
solution and the sealing member of the present invention.

Moreover, the quaternary cyclic amidinium compound
tends to cause leakage due to the reaction with the hydroxyl
ion generated in the vicinity of the cathode leading means,
however, the electrolyte solution used in the present inven-
tion seemingly has a less reactivity with the hydroxyl ion,
and owing to the excellent sealability between the perfora-
tion hole of the sealing member and the lead wire, the
leakage characteristic is further improved by these syner-
gistic effects.

EMBODIMENTS

Subsequently, the present invention will be explained by
using the embodiments. The electrolytic capacitor of the
present invention has the same structure as that of the
conventional ones. The present invention is explained by
referring to FIGS. 1 and 2. A capacitor element 1 is formed
by winding an anode electrode foil 2 and a cathode electrode
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foil 3 via a separator 11. As FIG. 2 shows, the anode
electrode foil 2 and the cathode electrode foil 3 are con-
nected respectively to a lead wire 4 for leading the anode
electrode and an another lead wire 5 for leading the cathode
electrode.

These lead wires 4 and 5 are composed of connecting
members 7 being in contact with the electrode foils, elec-
trode tabs 9 having been molded integrally with the con-
necting members 7 and the rod members 6, and outer
connecting members 8 having been fixed at the tip of the rod
members 6. The connecting member 7 and the rod member
6 are made from aluminum of 99% purity while the outer
connecting member 8 is made of a copper-plated steel wire
(hereinafter CP wire). On the surfaces of the rod members 6
of the lead wires 4 and 5 at least, anode oxide films made of
aluminum oxide are formed by a chemical treatment with
ammonium phosphate aqueous solution. These lead wires 4
and 5 are connected respectively to the electrode foils 2 and
3 at the connecting members 7 by means of stitching,
ultrasonic welding, and the like.

The anode electrode foil 2 is made of an aluminum foil of
99.9% purity in an acidic solution thereby enlarging the
surface area thereof through the chemical or electrochemical
etching process, and then subjecting the aluminum foil to a
chemical treatment in an ammonium adipate aqueous solu-
tion, to thereby form an anode oxidation film on the surface
thereof.

The capacitor element 1, which impregnates the electro-
lyte solution, is then housed into a bottomed outer case 10
made of aluminum. The outer case 10 is provided at the
opening with a sealing member 12 and then sealed by
drawing. The sealing member 12 is made of, for example, an
elastic rubber such as butyl rubber, and the like, and has
perforation holes through which the lead wires 4 and 5 are
to be passed.

The cathode-electrode foil 3 in use, similar to the anode
electrode foil 2, is prepared by etching the aluminum foil of
99.9% purity. The whole surface of the cathode electrode
foil 3 is coated with titanium or titanium nitride in 0.1 um
thickness by vacuum evaporation method. Further, in the
present embodiment, the film layer such as titanium nitride
and the like is coated throughout the cathode electrode foil
3, however, only a part of the cathode electrode foil 3 may
be coated as required, for example, coated with metallic
nitride only to a part of the cathode electrode foil 3.

Moreover, the electrolyte solution A containing 75% by
weight of y-butyrolactone as solvent and 25% by weight of
1-ethyl-2,3-dimethylimidazolinium aluminum tetrafluoride
salt as solute is used. The electrolyte solution B containing
80% by weight of y-butyrolactone as solvent and 20% by
weight of 1-ethyl-2,3-dimethylimidazolinium aluminum tet-
rafluoride salt as solute is used. Further, for comparison,
electrolyte solution C containing 75% by weight of y-buty-
rolactone as solvent and 1-ethyl-2,3-dimethylimidazolinium
hydrogen phthalate salt as solute is used.

The rated voltages of the electrolytic capacitors using the
electrolyte solutions A and C are 16V, and that of using the
electrolyte solution B is 100V. The characteristics of the
electrolytic capacitors are evaluated. The test condition is
125° C. at 2,000 hours in the loaded state, and 105° C. at
2,000 hours in the unloaded state. The results are shown in
(Table 1-1) to (Table 1-4).
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Subsequently, the second electrolytic capacitor will be
TABLE 1-1 explained referring to the embodiment. This electrolytic
capacitor has the same structure as that of the first electro-
Initial 125° C/ Ivii it dth tents of characteristi luati
Charac- 2000 hrs ytic capacitor, and the contents of characteristic evaluation
Cathode teristic loaded 5 are also the same. An electrode foil made of aluminum
subjected to etching at 2V followed by the chemical treat-
electrode Cap Acap . . . .
Blectrolyte foil (\F) Tamd (%) Tand Leakage ment is used as the cathode electrode foﬂ 3, which prov@es
cathode leading means made of aluminum of 99.9% purity
Embody 1 A TN 401 0.028 -12.1 0.043 0725 and more. Moreover, the cathode electrode foil in which an
Syaporate 19" aluminum oxide layer had been formed at least on the
Embody 2 A T 402 0.028 -11.9 0.044 0725 Y !
evaporate surfaces of the rod member 6 of the lead wires 4 and 5 by
Compare ¢ — 405 0.046 -10.0 0.142 7725 anode oxidation with the use of an ammonium phosphate
! aqueous solution. As comparative example, the etched alu-
15 minum foil of 99.6% purity is used, and in the likewise
manner, an aluminum oxide layer had been formed at least
TABLE 1-2 on the surfaces of the rod member 6 of the lead wires 4 and
= 5 by anode oxidation with the use of an ammonium phos-
Initial los= ¢/ phate aqueous solution. The results are shown in (Table 2-1)
Charac- 2000 hrs d (Table 2-4
Cathode teristic loaded 20 an ( aple 2- )
electrode Cap Acap TABLE 2-1
Electrolyte foil (WF) Tan d (%) Tand Leakage
, Initial 125° C/
Embody 1 A TN 402 0.028 -54 0034 0725 Charac- 2000 hrs
e\l/aporate 25 Cathode teristic loaded
Embody 2 A T 402 0.029 -52 0035 0/25
evaporate / electrode Cap Acap
(fompare c  — 406 0.046 -42 0052 6/25 Electrolyte foil (F) Tand (%) Tand Leakage
Embody 5 A Chemical 402 0.029 -12.1 0.044 0/25
30 foil
Compare c  — 408 0.046 -10.0 0.143  7/25
TABLE 1-3 2
Initial 125° C/
Charac- 2000 hrs
Cathode teristic loaded 15 TABLE 2-2
electrode  Cap Acap Initial 1052 C/
Electrolyte foil (WF) Tan d (%) Tand Leakage Charac- 2000 hrs
N Cathode teristic loaded
Embody 3 B TN 229 0011 -6.5 0.026 025
Embody 4 BT 8 0012 —63 0028 005 clectrode - Cap Acap
mbedy ! : : I : 40 Electrolyte foil (uF) Tan & (%) Tand Leakage
evaporate
Embody 5 A Chemical 401 0.026 -52 0.033 0/25
foil
Compare c  — 407 0.046 -42 0053  6/25
TABLE 1-4 2
45
Initial 105° C/
Charac- 2000 hrs TABLE 2-3
Cathode teristic loaded
Initial 125° C/
electrode  Cap Acap Charac- 2000 hrs
Electrolyte foil (WF) Tan & (%) Tand Leakage 50 Cathode teristic loaded
Embody 3 B TN 229 0011 -0.9 0014 025 electrode  Cap Acap
evaporate Electrolyte foil (uF) Tan & (%) Tand Leakage
Embody 4 B T 227 0.013 -0.8 0.015 0/25
evaporate Embody 6 B Chemical 22.6 0.010 -64 0.024 0/25
355 foil
As (Table 1-1) and (Table 1-2) clearly show, the electro-
Iytic capacitor of the embodiment has excellent in high TABLE 2-4
temperature life characteristics, a low dielectric loss coeffi- Initial 105° CJ/
cient (tan d), and a less change in dielectric loss coefficient Charac- 2000 hrs
(tan d) at 125° C., compared with the electrolytic capacitor Cathode  __ terisic ~ __ loaded
qf the comparative example, and is effective in preventing clectrode  Cap Acap
liquid leakage. Furthermore, (Table 1-3) and (Table 1-4) Electrolyte foil (WF) Tan & (%) Tan & Leakage
clearly show the excellent life characteristics and initial S 5 chomiod 229 00l 05 0012 03
characteristics of the rated voltage 100V, to implement the g5 > foﬂe e R co

100V class electrolytic capacitor having a low impedance
characteristic not found in the conventional ones.
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As (Table 2-1) and (Table 2-2) clearly show, the electro-
Iytic capacitor of this embodiment has excellent high tem-
perature life characteristics, change in the dielectric loss
coeflicient (tan 8) of 125° C. is small, and the dielectric loss
coeflicient (tan ) is small, compared with the electrolytic
capacitor of the comparative example, and is effective in
preventing the liquid leakage. Furthermore, (Table 2-3) and
(Table 2-4) clearly show the excellent life characteristics and
initial characteristics of the rated voltage 100V, to imple-
ment the 100V class electrolytic capacitor having the low
impedance characteristic not found in the conventional ones.

Subsequently, the third electrolytic capacitor will be
explained referring to the embodiment. The electrolytic
capacitor of this embodiment has the same structure as that
of the first electrolytic capacitor, except that in the present
invention, as cathode foil, an etching foil subjected to
phosphate impregnation treatment at etching process is used,
and as anode foil, a chemical foil where anode chemical film
is formed on this etching foil by phosphate synthesis. As
comparative example, an electrode foil in use does not carry
out such phosphate impregnation treatment or phosphate
synthesis.

Moreover, the electrolyte solution of the electrolytic
capacitor in use is shown in (Table 3-1).

According to the electrolytic capacitors which were con-
structed by using the electrolyte solution of above embodi-
ments, the rated values of the aluminum electrolytic capaci-
tors were 100WV-22 pF, and the characteristics of the
electrolytic capacitor were evaluated. The test conditions are
125° C. and 500 hours in the loaded state. The results are
shown in (Table 3-2).

TABLE 3-1
Sparking Specific resistance
GBL A B C Voltage (V) Qcm
Embody 7 798 20 — 0.2 205 40
Compare 3 80 — 20 — 85 91
GBL: y-butyrolactone
A: Tetraaluminate 1-ethyl-2,3-dimethyl-imidazolinium
B: Hydrogen phthalate 1-ethyl-2,3-dimethyl-imidazolinium
C: Dibutyl phosphate
TABLE 3-2
Initial 125° CJ
Characteristic 500 hours
Electrode Foil Cap (uF) tand A Cap (%) Tand
Embody 8 Phosphate finish 23.1 0.01 -1.3 0.01
Compare 4  No phosphate 22.8 0.01 -4.3 0.03

finish

Cap: electrostatic capacity
tan &: tangent of dielectric loss
A cap: change in electrostatic capacity

As (Table 3-1) clearly shows, the sparking voltage of the
electrolyte solution of the electrolytic capacitor of the
embodiment is high, and the specific resistance is low,
compared with that of the conventional example. Also, as
can be seen from (Table 3-2), the dielectric loss coeflicient
(tan d) of the electrolytic capacitor of 100 WV using this is
low, and the change in electrostatic capacity is low, and the
dielectric loss coefficient (tan 8) is %3 compared with that of
the comparative example. The effectiveness of the present
invention is apparent.
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As for first to third electrolytic capacitors, in case of
using, as the sealing member, a partial cross-linking perox-
ide butyl rubber that added peroxide as cross-linking agent
to a butyl rubber polymer comprised of isobutylene, iso-
prene, and divinylbenzene copolymer. Namely, the present
invention achieves an extremely remarkable effect of pre-
venting liquid leakage.

INDUSTRIAL APPLICABILITY

According to first and second electrolytic capacitor of the
present invention, the electrolyte solution containing the
ammonium tetrafluoride salt is used, as a cathode electrode
foil, a foil showing noble potential than the electrode poten-
tial of the cathode tab at least in the electrolyte solution or
cathode leading means, composed of aluminum of 99.9%
purity subjected to chemical treatment is used, such that the
electrolytic capacitor having a low impedance characteristic
and high withstand voltage characteristic, and excellent high
temperature life characteristic and leakage characteristic are
provided.

Moreover, according to the third electrolytic capacitor of
the present invention, the aluminum tetrafluoride is used,
and an electrode foil is subjected to phosphate treatment is
used, so that the electrolytic capacitor having low imped-
ance characteristic and high voltage characteristic and the of
excellent high temperature life characteristic is supplied.

The invention claimed is:

1. An electrolytic capacitor comprising a capacitor ele-
ment impregnated with an electrolyte solution, wherein the
capacitor element contains a wound anode electrode foil and
a wound cathode electrode foil, which are connected to an
anode tab and to a cathode tab respectively, with an inter-
vening separator, and wherein the capacitor element is
housed in a cylindrical outer case with a bottom, and an open
end of the outer case is sealed by a sealing member, wherein
the electrolyte solution contains aluminum tetrafluoride salt,
and wherein the cathode electrode foil shows greater noble
electrode potential than an electrode potential of the cathode
tab in said electrolyte solution.

2. An electrolytic capacitor according to claim 1, wherein
the cathode electrode foil is an aluminum foil with a layer
0.02-0.1 pm thick coated on its surface, wherein the layer is
made of a metal nitride or a metal, and wherein the metal
nitride is selected from the group consisting of titanium
nitride, zirconium nitride, tantalum nitride and niobium
nitride and the metal is selected from the group consisting of
titanium, zirconium, tantalum and niobium.

3. An electrolytic capacitor according to claim 2, wherein
the sealing member comprises a partial cross-linking per-
oxide butyl rubber which is formed by adding peroxide as a
cross-linking agent to a butyl rubber polymer, wherein the
butyl rubber polymer comprises a copolymer of isobutylene,
isoprene and divinylbenzene.

4. An electrolytic capacitor according to claim 1, wherein
an anode lead wire electrically contacts the anode electrode
foil and a cathode lead wire electrically contacts the cathode
electrode foil, wherein the cathode means lead wire is made
of aluminum of more than 99.9% of purity, and wherein the
cathode electrode foil is made of aluminum subjected to a
chemical treatment.

5. An electrolytic capacitor according to claim 4, wherein
the sealing member comprises a partial cross-linking per-
oxide butyl rubber which is formed by adding peroxide as a
cross-linking agent to a butyl rubber polymer, wherein the
butyl rubber polymer comprises a copolymer of isobutylene,
isoprene and divinylbenzene.
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6. An electrolytic capacitor according to claim 1, wherein
the anode electrode foil, the cathode electrode foil or both
are subjected to a phosphate treatment.

7. An electrolytic capacitor according to claim 6, wherein
the sealing member comprises a partial cross-linking per-
oxide butyl rubber which is formed by adding peroxide as a
cross-linking agent to a butyl rubber polymer, wherein the
butyl rubber polymer comprises a copolymer of isobutylene,
isoprene and divinylbenzene.

8. An electrolytic capacitor according to claim 1, wherein 10

the sealing member comprises a partial cross-linking per-

5
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oxide butyl rubber which is formed by adding peroxide as a
cross-linking agent to a butyl rubber polymer, wherein the
butyl rubber polymer comprises a copolymer of isobutylene,
isoprene and divinylbenzene.

9. An electrolytic capacitor according to claim 1, wherein
the cathode electrode foil is coated with a layer of titanium
nitride in the range of about 0.02 micrometers to about 0.1
micrometers thick and wherein the cathode tab is con-
structed from aluminum being at least 99% pure.

#* #* #* #* #*



